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Program Overview

Since 1991, the Connecticut Department of R A
Environmental Protection (CTDEP) has O\ _:ﬁ
conducted an intensive yearound water Sl | g™

quality monitoring program on Long Island Sound. | *
Water quality is monitored at up to forty-eight (48)
sites by staff aboard
Research Vesselohn Dempsey These data

are used to quantify and identify annual trends
and differences in water quality parameters
relevant to hypoxia, especially nutrients,
temperature, and chlorophyll. These data are also used to
evaluate the effectiveness of the management program to reduce
nitrogen concentrations. During the summer (June September) CT
DEP conducts additional summer hypoxia surveys at biveekly
intervals to better define the areal extent and duration of hypoxia.

R/V John Dempsey 110

EMgeperl

- This map shows the stations sampled by
the CT DEP LIS Water Quality
Monitoring Program. Underlined

© stations, with the exception of N3, are
sampled yearound. Sampling at N3
was discontinued in 2002.
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What is Hypoxia? Lw A
The term "hypoxia" means low dissolved oxygen ("DO") % ; s
concentrations in the water. Marine organisms need
oxygen to live, and low concentrations, depending on

the duration and the size of the area affected, can have
serious consequences for a marine ecosystem. As defined
by the Long Island Sound Study, hypoxia exists when

DO drops below a concentration of 3 milligrams per liter
(mg/L), although ongoing national research suggests that
there may be adverse affects to organisms even above this
Level, depending upon thength of exposurdn 2002,
Connecticut adopted revised water quality criteria for dissolved oxygen. These
criteria, designed to protect the state
DO concentrations below 3.5 mg/L. Low oxygen levels can occur naturally in
estuaries during the summer, when calm weather conditions prevent the mixing of
the water column that replenishes bottom water oxygen during the rest of the year.
However, studies of the limited historical data base for the Sound suggest that
summer oxygen depletion in Western Long Island Sound has grown worse since the
1950s.

THE FREQUENCY OF HYPOXIA IN LONG ISLAND SOUND BOTTOM WATERS
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How Seriously Does Low Oxygen Impact the Sound?

Each summer low oxygen levels render hundreds of square kilometers of bottom
water unhealthy for aquatic life. DO levels follow seasonal patterns with a decrease
in bottom water DO over the course of the summer. Hypoxic conditions during the
summer are mainly confined to the Narrows and Western Basin of Long Island
Sound. Those areas comprise the section of the Sound west of a line from Stratford|]
CT to Port Jefferson, NY. The maximum extent of the hypoxic condition

typically occurs in early August. 2




Photo By Lloyd Langevin, June 2007

2009important Facts

CT DEP conductedsix cruisesduring the summer of 2009between23 June and8
September. A total of 225 site visits were completed in 2009, with 26 stations
affected by hypoxia throughout the season.

The peak event occurred during the HYAUGO9 cruise between 18 and 19 August.
The lowest dissolved oxygen concentratio(il.49mg/L) was also documented
during this cruise at Station A4.

The hypoxia area maps for 2009 appear on pages 6, 7, and 8.

CT Water Quality Standard LISS
3.5 mg/L 3.0 mg/L
Estimated Start Date 7/12/2009 7/19/2009
Estimated End Date 9/3/2009 9/1/2009
Duration (days) 54 45
Maximum Area (nm) 369.6 169.1

The Long Island Sound Study has defined hypoxia as dissolved oxygen concentrations
below 3.0 mg/L. In December of 2002, the State of Connecticut adopted new water
quality standards which statigat the concentration of dissolved oxygen in offshore
waters below the seasonal pycnocline shall not be less than 3.5 mg/L at anytime. As a
result CT DEP began reporting on the area of Long Island Sound bottom water
affected by DO concentrations less than 3.5 mg/L. Prior to that, CT DEP used the 3.0
mg/L standard. To maintain the lotgrm dataset and to compare to previous years,

the maximum area, start date, end date, and duration based on the 3.0 mg/L standard
arealso presented.
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1991 through 2009based on both the CT 3.5 mg/L standard. And the LISS 3.0 mg/L standaid

Timing and Duration of Hypoxia, 1991- 2009

The figures and tables below displdlge onset, duration, and end of the hypoxia evieots

Based on the CT standard of 3.5 mg/L, dlherage date of onsetsJuly 4 ¢ 8 days), the
average end dateasSeptember 10+(13 days)and the average durationas68 days £ 12

dayg. The earliest onset of hypoxia (red text) occurred on 20 June 2002 and the latest end

(green text) occurred on 26 September 2004. The maximum area of hypoxia (blue text)

occurred in 1994. The longest hypoxic event occurred in 2008 (magenta text) and lasted g3

days.
CT Water Quality Standards LISS
3.5 mg/L 3.0mg/L
Year Estimated| Estimated Manrlgng Duration Year Estimated | Estimated Ma(r';n;m Duration
Start Date| End Date (i) (days) Start Date | End Date (M) (days)
1991 July 8 Sept 1 263.2 56 1991 July 19 Aug 28 122 41
1992 July 7 Sept 12 194.5 68 1992 July 7 Aug 30 80 55
1993 July 5 Sept 12 335.9 70 1993 July9 Sept 10 202 64
1994 Julyl Sept 16 513.7 71 1994 July 1 Sept 6 393 68
1995 July 9 Aug 28 415.6 51 1995 July 12 Aug 15 305 35
1996 June 26 | Sept13 340.4 80 1996 Aug 10 Sept 12 220 34
1997 July 15 Sept 17 51 65 1997 July 27 Sept 12 30 48
1998 July 2 Septl9 286.1 80 1998 July 5 Sept 15 168 73
1999 June 27 | Aug 24 229.4 59 1999 July 2 Aug 21 121 51
2000 June 29 Aug 8 260.2 41 2000 July 2 Aug 6 173 35
2001 July 5 Sept 24 215.7 82 2001 July 10 Sept 14 133 66
2002 June 20 Sept 4 193.9 76 2002 June 25 Aug 28 130 65
2003 June 30 Sept 3 430.6 66 2003 July 5 Sept 3 345 61
2004 July 23 257.5 66 2004 July 20 Sept 12 202 55
2005 July 7 Sept 23 300.2 79 2005 July 14 177 69
2006 July 4 Aug 29 346.1 57 2006 July 6 Aug 27 199 53
2007 July 12 Sept 21 354 72 2007 July 16 Sept 11 162 58
2008 June 30 | Sept 20 359.9 83 2008 July 3 Sept 19 180.1 79
2009 July 12 Sept 3 369.6 54 2009 July 19 Sept 1 169.1 45
Average July 4 Septl0 301 68 Average July 11 Sept5 185 56
Deviation | +8days | +13days| +104 mf | + 12 days Deviation| +1ldays | +5days | +87 mE |+ 14 days
1991 T— 1 1991 T ]
1992 T — 1992 T .
1993 S — 1993 | —
1994 [ — 1994 S —
1995 T ] 1995 T .
1996 [ — 1996 T ]
1997 e — 1997 T .
1998 ] 1998 e —
1999 I— ] 1999 T .
2000 T— ] 2000 T ]
2001 I — 2001 S —
2002 I — 2002 e —
2003 e — 2003 e —
2004 I E— 2004 e —
2005 I E— 2005 o |
2006 T 1 2006 | ]
2007 e — 2007 T ]
2008 I — 2008 | E——
2009 T e — 2009 ———— . E——
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Timing and Duration of Hypoxia based on 3.5 mg/L

Timing and Duration of Hypoxia based on 3.0 mg
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Area in Square Miles

Yearly Comparison of Maximum
Areal Extent and Duration
of Hypoxia

Thisgraph utilizes the data presented on the previous page to illubatearto-year
differences in thenaximum areaéxtent ofhypoxic conditions. The blue color corresponds to
the CT 3.5 mg/L standard while the red color corresponds to the LISS 3.0 mg/L standard.

Based on the 3.5 mg/L standard the average areal extent fror20@@ivas 301 rdand the
average duration was 68 dayBased on the 3.0 mg/L standard the average areal extent was
188 mP and the average duration was 56 days.
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Hypoxia Maps

The following maps depict the development of hypoxia througl@8@season, beginning with the
WQJULQO9survey. During this survey DO concentrations were less4téamg/L atthree stations
Data for all surveys are available upon request.

Dissolved Oxygen in Long Island Sound Bottom Waters
July 7-9, 2009

—

e
WQJULO09
Dissolved Oxygen Severity of impact
0.0-0.99 Severe
1.0-1.99 Moderately severe
20-299 Moderate
3.0-349 Marginal
35-479 Interim management goal
4.8+ Excellent - Supportive of marine life

During theHYJULOQ9 survey, DO concentrations continued to decrease b&@wmg/L in the
Narrows and WesterfBasinwith Stationd02, C1, and 15 measuring between 3.0 and 3.49 mjg/L
and Stations Band01 measurindpetweer? and2.99 mg/L.

Dissolved Oxygen in Long Island Sound Bottom Waters

July 20-22, 2009
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During theWQAUGO09survey, DO concentrations dropped below 3.5 mg/llatations

two of those stations fell below 3 mg/andone station was belo@mg/L.

Dissolved Oxygen in Long Island Sound Bottom Waters
August 3-5, 2009
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/AA,:\«J/J WQAUG09
~
Dissolved Oxygen Severity of impact
I 00-099 Severe
1.0-1.99 Moderately severe
20-299 Moderate
3.0-349 Marginal
35-479 Interim management goal
4.8+ Excellent - Supportive of marine life

Maximum Areal Extent(369.1mi?) of Hypoxia

During theHYAUGOQ9 survey DO concentrations dropped below 3.5 mg/Rastations;13 of
those stations fell belowrBg/L, andtwo stationsvere below2 mg/L. The map illustrates the
dissolved oxygen concentrations in the bottom waters of Long Island Sound during the hei

of the hypoxic event.

August 18-19, 2009

Dissolved Oxygen in Long Island Sound Bottom Waters
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4.8+ Excellent - Supportive of marine life
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Concentrations began to improve during the WQSEPO9 survey in the far western
Narrows, where concentrations at A4 and B3 increased above 3.0 mg/L.

Hypoxic conditions persisted in
the Eastern Narrows and Western
Basin, with concentrations at E1|
measuring less than 1.99 mg/L.
Some important things to note are
that stations in the central and
western basins were sampled o ‘ g
9/2/09 while the remainder were
sampled on 9/8, six days later. T
dissolved oxygen profiles from
9/2/09 show the turnover in the
surface waters had begun, but h
not reached the bottom waters 3
the deepest stations such as E1
Weather conditions following the
sampling were favorable for

Dissolved Oxygen in Long Island Sound Bottom Waters
September 2 and 8, 2009

continuing the turnover. Daily e e WQSEP09
maximum temperatures ranged Dissolved Oxygen Severty of impact
from 21.7 to 27.2°C while low !zgzgg -
temperatures ranged from 12.2 E:‘;:Z;: e swnerigo

48+ Excellent - Supportive of marine life

19.4°C. There was no precipitation
recorded at Bridgeport from 9/2
9/8. Average wind speeds ranged

from 4.611.0 mph with gusts ity of Conniectienty -

ranging from 1423 mph. Winds ent of Marine Sciences

began out of the southeast,

switched to the North and LISICOS -~ The Long Isand Sound Integrated CoastalObserving System

Northeast, and baCk to the Datx Forecasss Datx CODAR Datx RealTime Datx Archives Data RV/CT Cruises Admin
southeast.

The LISICOS buoy at Station C1 Thess dits are provisionsl, coe Wi i

was examined following the 9/2/09 o i o o

data collection and indicated DO NOAA 10; 44040
concentrations increasing above

standards. Data from 9/14 through

9/24 indicate concentrations above 7.0
5 mg/L.

Bottom DO Concentration

6.8
The Interstate Environmental
Commission sampled Stations A4 68
and B3 on 9/8/09. Bottom DO <
concentrations had improved to v
6.1 mg/L at A4 and 5.4 mg/L at 624
B3. IEC also conducted sampling
on 9/14 with concentrations at A4
measuring 6.4 mg/L and 7.0 mg/L 58
at B3.
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Based on these factors we are
confident that the hypoxic event
concluded on or about 9/3.
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Area of Dissolved OxygerBelow the Chronic Criterion
for Growth and Protection of Aquatic Life for LIS

Aquatic organisms are harmed based on a combination of minimum oxygen concentration an
duration of the low DO excursion. A DO concentration of 4.8 mg/L meets the chronic criterion
for growth and protection of aquatic life regardless of the duration.

This chart illustrates thenaximum areaf bottom waters within Long Island Sound with DO
concentrations less than 4.8 mgih..2009, the maximum area occurred during the HYAUGQ09
survey. This area was the highest since 2003 aféa affected by concentrations less than 4.8
mg/L average$06.2square miles and varies slightly from 503 to 730 square miles.

The trend in area affected seems to be decreasing.
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SevereHypoxia
D.O. <2 mg/L

This chart illustrates the area of bottom waters of Long Island Sound with concentrations
less than 2 mg/L.
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The Gulf of Mexico is another water body that exhibits severe hypoxia, although the standard i$

determined at the 2.0 mg/L levé@he average size of the hypoxic zone in the northern Gulf of Me

from 20042008 is roughly 6563.7 r{http://www.gulfhypoxia.net/Overview/). For comparison, thie

average area of LIS with DO concentration less than 2.0 mg/L between 2004 and 2008 i3.63.8

In 2009 the maximum area of LIS affected by severe hypoxia was?ltheniowest since 1997.
Theaverage area, calculated frd®91-2009,is 59.4 m¢#. It seems that there is an increasing trend
towards severe hypoxia in LIS (i.e., hypoxia area at 2.0 mg/L seems to be getting worse).

1994 and 2003 appear to be especiadlg yeargor concentrations less than 2 mg/L. 1994 had colc
winter bottom water temperatures and an unusually warm June which led to the establishment
strong stratification. The highest average De&ltan July 1994 was 8.54 °C. 2003 was the second

hottest summer since 1895 and the 28th wettest which also led to the Sound being very strong|y

stratified. Strong stratification (Delta T greater than 4) lasted for four months in 1994A(\argt)
and only one month (July) in 2003.
10
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Square miles

Anoxia
D.O. <1 mg/L
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For management purposes the Long Island Sound Study defines anoxia as DO

concentrations less than 1 mg/L. Over the last 5 years, Long Island Sound has seen an
increase in the area of bottom waters affected by anbhegreatest area with D.O. below

eSS & @

P A DD

1 mg/L observed in LIS, based on ~biweekly sampling by CT DEP, was during the summger

of 2003. Priorto 2002, the average area of bottom waters affected by anoxia was %.92 mi
From20022009the average area affected V&84 mi2. The overall average area affected

from 1991-2009is 15.4mi2. A consistent decline was observed from 2@087. During

the summer of 200Biree stations (A4, B3, and 02) were observed to have gone almoxic
2009, CT DEP did not document any stations with DO < 1 mg/L. However, the Interstate
Environmental Commission documented two stations that were anoxic on 31 August,

Stations B3 (same as CT DEP) and B2 (northwest of B3).
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